Abstract-Energy efficient spectrum sensing and data communication to extend the lifetime of cognitive radio sensor network is becoming increasingly important due to resource constraint of CR-WSN inherent from WSN. This paper presents an energy-aware clustering (EAC) algorithm that enhances spectrum sensing performance and reduces network energy consumption thereby prolonging lifetime of the network. We derived network wide energy consumption model in terms of spectrum sensing energy consumption, intra cluster and inter clusters energy consumptions, and then determined the optimal number of clusters for the network. Through numerical analysis, we evaluate the effectiveness of the proposed algorithm in terms of minimizing network wide energy consumption and improving spectrum sensing performance.
INTRODUCTION
Proliferation of wireless devices that operate on unlicensed industrial scientific and medical (ISM) spectrum band for a wide range of applications have led to overcrowding of unlicensed spectrum bands and hence rendered these wireless devices prone to harmful interference.
On the other hand, licensed spectrum bands that are assigned to licensed users (known as primary users (PU)) become underutilized owing to fixed allocation of spectrum bands. This inefficient spectrum utilization has necessitated the use of dynamic spectrum access scheme enabled by cognitive radio.
Cognitive Radio (CR) was first coined by Mitola in [1] as an effective method of addressing both spectrum scarcity and spectrum underutilization in current and future wireless networks. Cognitive engine periodically determines availability of free licensed spectrum band (known as spectrum holes) and dynamically allocates the spectrum holes to unlicensed users (known as secondary users).
Network of sensor nodes equipped with cognitive radio technology called cognitive radio wireless sensor network (CR-WSN) has emerged to harness the potential benefits of cognitive radio technology. A CR-WSN dynamically utilizes unused available spectrum band to communicate sensed readings in a multi hop fashion to satisfy application requirement [2] .
In practice, large numbers of wireless sensor nodes are either randomly or systematically dispersed in a specific area to fulfil a wide variety of applications ranging from military to commercial, agricultural, environmental, scientific, industrial and healthcare.
Spectrum sensing is one of the main functions of cognitive radio that monitors the activities of PU and detects portion of licensed spectrum band that are not occupied by the primary users. However, propagation impairments such as receiver uncertainty, multi-path fading, shadowing and interference in wireless channels degrade performance of spectrum sensing technique.
Multi-user sensing diversity called cooperative spectrum sensing have been proposed, e.g. in [3] [4] [5] to improve spectrum sensing performance in which multiple sensing nodes share their sensing results and decide on the availability of spectrum holes. Although. The technique yields better sensing performance, it also incurs heavy communication overhead, high energy consumption, extra sensing time and complexity. These problems can be address by logically grouping multiple nodes to form clusters and dedicating a node within the clusters to coordinates the cooperative spectrum sensing. Substantial clustering algorithms have been explored in various perspectives [6] to improve spectrum sensing performance [7, 8] , achieve network scalability and minimize energy consumption [9, 10] .
Considerable research on energy efficient communication in sensor network [11] and efficient spectrum sensing in cognitive radio networks [12, 13] have been carried out in recent times, but only a few research focus on the union of the two i.e cognitive radio sensor network. Meleseet al. [21] modified the threshold formula for selecting cluster head used in LEACH [22] by considering consumed energy as a factor for the selection process. Authors in [14] proposed algorithm that minimizes intra cluster transmission power, but cluster head selection has not been fairly investigated in the analysis.
Generally, cognitive radio wireless sensor nodes are characterized by constraint computational, power and memory resources inherent from WSN. Therefore, incorporating additional tasks such as spectrum sensing and reporting would further drain more energy from the sensor node and hence shorten the life time of the network. It is imperative to minimize network energy consumption.
This paper proposes energy-aware clustering (EAC) algorithm for cooperative spectrum sensing. The algorithm minimizes network wide energy consumption i.e data communication and spectrum sensing energy costs.
II. SYSTEM MODEL
The network consists of a base station (BS) or sink node that serve as a gate way and N number of cognitive radio nodes that act as sensor nodes and local detectors. The nodes are uniformly distributed in a square area of sides and are organized into number of clusters in which each cluster occupies an area assumed to be square meters. Each cluster has a fusion centre (FC) that decides on the existence of primary user based on the local decisions received from the local detectors. It is assumed that primary users' signals are unknown and hence each cognitive radio node is equipped with energy detection algorithm to sense the spectrum band for spectrum holes. Also control information is exchanged through a common control channel and all nodes initially have equal amount of energy.
III. CLUSTERING IN COGNITIVE RADIO SENSOR NETWORKS
The network is partitioned into clusters, each cluster has cluster members (CM) that perform spectrum sensing and a cluster head (CH) that coordinates the spectrum sensing as shown in Fig 1. The major tasks of the CHs are to perform data aggregation, data forwarding, decision fusion on the local decisions received from CMs to determine the existence of PU and coordinate local sensing i.e selecting CMs that would periodically sense the spectrum band.
However, these tasks drain significant amount of energy from the battery of the node. Therefore, energy load of all nodes need to be balance in such a way that nodes deplete their energy at virtually the same time. In order to achieve this, the role of CH and sensing node would be rotated among the nodes based on their thresholds.
Fig. 1. Clusters in CRS network

A. Clustering Algorithm
The energy-aware clustering algorithm consists of three phases, the initialization phase, set up phase and the coordination phase. While the initialization phase involves CH emergence, the set up phase deals with formation of the cluster. On the other hand, the coordination phase deals with determining optimal number of cooperative sensing nodes for each cluster and selecting eligible sensing nodes based on threshold.
In the initialization phase, nodes compute their thresholds and compete for the role of cluster head. Residual energy and neighborhood nodes within the node's radio range serve as the basis for competing for the role of CH. Nodes with high threshold would most likely emerge as the CHs while their neighboring nodes become the cluster members.
If is a threshold value that determines successfully emergence of node as a cluster head within the period of round . The probability of a node emerged as cluster is given as:
Where and are the initial and current energies of the node respectively, denotes average number of neighborhood nodes and is the number of nodes in the network.
In the set up phase, once a node emerged as cluster head, it broadcasts an advertisement packet inviting other neighboring nodes to join the cluster. Node that decided to join the cluster based on the received signal strength RSS of the advertisement packet, notifies the CH by sending back acknowledgment packet .
In the coordination phase, BS determines the optimal number of cooperative sensing nodes for each of the clusters and communicates it to the CHs. At every round , each CH selects some CMs within its cluster to serve as sensing nodes based on their thresholds. If is a threshold that determined successful selection of a node as sensing node, then the probability of selecting as sensing node is given as.
Where denotes number of CMs, is the optimal number of sensing nodes in the cluster, denotes energy threshold, is the Euclidian distance threshold that can be used to prioritize CMs that are well separated from one another so as to elude correlation shadowing within the cluster in cooperative sensing. Flow chart for the algorithm is given in fig 2. 
IV. NETWORK ENERGY CONSUMPTION MODEL
Analytical model of network energy consumption is presented as the sum of energy consumed for channel sensing and energy required to transmit data packets as well as to receive data packets. Spectrum sensing, sensing results reporting to decision centre and data communication between cluster heads and cluster members consume large amount of energy. Therefore, minimizing energy consumption due to spectrum sensing and data communication saves significant amount of energy and extends lifetime of the network.
A. Spectrum Sensing Energy Consumption
Energy consumption for spectrum sensing and energy consumption for reporting local decisions are the main energy costs for spectrum sensing in cognitive radio. Energy cost for spectrum sensing is basically the sum of energy consumed for listening to a channel and receiving observation samples over a sensing duration of , and the energy required to process the received signal samples (signal shaping and modulation, etc) and make local decision. This energy cost increases along with increase in number of cooperative sensing nodes and it is mainly influence by sensing duration. Therefore, energy dissipated by i-th node for sensing spectrum band is given as:
Where is the electronic circuit energy consumption of i-th nodes for receiving signal samples and denotes energy cost for processing signal samples. On the other hand, energy consumption for reporting local decision to CH denoted as is the energy required to transmit a packet of -bits local decision to fusion centre. Therefore, energy consumption for spectrum sensing is the sum of energy consumed for sensing the spectrum band and energy consumed for reporting the local decision.
B. Data Communication Energy Cost
Source node transmits data packets to cluster head through available unused licensed channel, then the CH aggregates the received data from the source nodes and send it to the base station via the available channels. It is assumed that all noncluster head members are within the radio range of their respective CHs. Therefore, energy consumption to send data packets over distance to CH is the sum of energy consumption for transmitting B-bits of data packets and energy consumption for receiving B-bits of data packets given as:
Let denotes the amount of energy consumed by the CH to aggregate the received data packets from cluster members and also assume that all the CHs are within the radio range of their neighboring CH which means adjacent neighbors can directly communicate without intermediary noncluster head member node. Therefore, energy consumption for sending the aggregated data packets over distance to base station is the sum of energy consumption for data aggregation, data transmission and data reception given as Generally, data communication in a cluster based networks is categorized into inter-cluster communication and intra-cluster communication.
1) Intra Cluster Data Communication Energy Cost
Intra cluster data communication involves data communication between non-cluster head members and cluster head within the cluster. Therefore, intra cluster data communication energy cost is given as:
Where is number of clusters, is the number of cluster members, is the i-th cluster member and denotes data communication energy cost of a single node in the cluster.
Therefore, total intra cluster communication energy cost is the sum of energy costs for spectrum sensing and data communication which is given as:
Since, all cluster members are within the radio range of cluster head, intra cluster distance is presumably short and hence Friis free space model of power loss is applied to the energy dissipation model. Based on radio energy dissipation model used in [15] , energy cost for transmitting -bits of data to cluster head over a transmission distance of is given as:
Where is the Euclidian distance between the CM and CH, denotes number of bits per packet, denotes energy cost for running the radio electronics of the nodes and denotes the energy cost for amplifying signal to be transmitted to CH so as to maintain acceptable level of SNR. Similarly, energy consumption to receive packets of -bits by the cluster head is largely depends on the number of bits in the transmitted packets and energy dissipated for running the radio electronics circuitry of the node. Therefore, energy cost for receiving -bits of data from cluster member: Thus, total intra cluster energy consumption can be written as:
2) Inter Cluster Data Communication Energy Cost
In inter cluster communication, CH aggregates the received data packets from CM and send it to base station either directly or through intermediate CH nodes. Since distance between cluster head and base station is presumably long, transmission energy dissipation model follows Friss multipath power loss. If denotes energy consumption for aggregating the data packets received from the CMs, then total energy cost for inter cluster communication is the sum of energy consumed for aggregating and forwarding data to the based station which is given as:
Energy consumption to send the aggregated data to base station consists of energy dissipated for running radio electronics and power amplifier of the CH. Thus, Where denotes the energy cost for amplifying signals to be transmitted to the base station.
Therefore, total network-wide energy consumption is the sum of total intra cluster communication energy consumption and inter cluster communication energy consumption given as:
V. OPTIMAL NUMBER OF CLUSTER
Partitioning the network area in to clusters have significant effect on the performance of the network in terms of energy consumption.
Therefore, to minimize network energy consumption due to intra and inter cluster communication, optimal number of clusters per network need to be properly chosen. Optimal number of clusters can be determined from total networkwide energy consumption i.e Eqn (16) .
Each cluster in the network consists of one cluster head and cluster members located within the radio range of the cluster head. If M denotes the average span of cluster and denotes the nodes distribution density within the clusters, then the squared distance between the CM and CH is given as:
If the area of cluster is assumed to be two dimensional area with average span and uniform distribution of nodes density throughout the area, then and equation can be simplify to:
Thus, Eqn. (16) 
Where is the energy cost per bit to transmit data to the base station, denotes the network area.
VI. SPECTRUM SENSING
Energy detection algorithm is employed to detect primary users' signal. The received signal waveform is filtered and converted into discrete signal samples by a band-pass filter (BPF) and analog-to-digital converter (ADC) respectively. Average energy of the signal samples obtained from the integrator is compared with a threshold to detect the presence of primary user [16] . Thus, the received signal at the SU can be expressed as [16] .
Where denotes zero-mean Additive White Gaussian noise (AWGN) at the SU, and denotes the received signal waveform.
denotes null hypothesis while denotes the presence of PUs' signals.
A maximum a posteriori (MAP) detection scheme is used for the energy detection so that optimal detection of PU activities can be achieved. The PU activities can be model using two state Markov chain as shown in fig 3. ON state denotes the presence of PU signal, OFF state denotes absence of PU signal [17] . The transition probabilities from ON to ON and from ON to OFF are denoted as and respectively. Similarly, transition probabilities from OFF to OFF and from OFF to ON are denoted as and respectively. Therefore, based on the PU activity, a posteriori probabilities can be estimated as:
Where and denote probabilities of the period of ON and OFF states respectively.
Performance of spectrum sensing technique can be measure based on probability of detection and probability of false alarm . Probability of detection is the probability that indicates presence of PU in the spectrum band given as:
Where is generalized Marcum Q-function. Probability of false alarm indicates presence of PUs' signal when there is no primary user's in the spectrum bands, this phenomenon limits utilization of spectrum bands.
For cooperative spectrum sensing method that employed "ORrule" decision counting rule fusion to determine the PU presence. The cooperative probability of detection and cooperative probability of false alarm based on OR-rule are given as [18] .
VII. NUMERICAL ANALYSIS
Numerical analysis is presented to evaluate the effectiveness of the proposed algorithm. We considered a square network area of sides meters that contains uniformly distributed nodes . The nodes are assumed to be low power wireless sensor node as in [19] , [22] . Energy dissipated for processing the signals and to tune the circuit of the receiver are nJ/bit and respectively [19] . Also energy dissipated for running the radio electronics nJ/bit, energy dissipated for amplifying the received data that to be transmitted to cluster head pJ/bit/m 2 and energy dissipated for amplifying the aggregated data to be transmitted to the BS pJ/bit/m 2 . We set number of received signal samples , signal bandwidth , SNR 10 dB and sampling interval correspond to . The results indicate that spectrum sensing energy cost is not influenced by the optimal number of clusters while data communication energy consumption is mainly affected by the cluster configuration. Also significant amount of energy would be saved with the optimal number of clusters and hence extends network life time. Fig 6 compares the consumed energy for spectrum sensing, intra and inter cluster data communication for four different cases. The result shows that spectrum sensing consumes much more energy than intra and inter cluster data communication. Fig 9 show that number of cooperative sensing nodes influenced spectrum sensing performance and energy consumption. The results reveal that cooperative probability of detection increases along with the increase in number of sensing nodes, then maintain a steady value of when the number of sensing nodes reached . In Fig 9 , the least number of cooperative sensing consume least energy of with maximum cooperative probability of detection of which is less than the required detection threshold of ( . On the other hand, for cooperative sensing nodes and , the cooperative probability of detection satisfied the required detection accuracy of but with high energy consumption. This indicates that optimal number of cooperative sensing nodes that satisfy sensing accuracy of is very critical and significant amount of energy can be reduced when optimal number of sensing nodes is used. Clustered cooperative spectrum sensing is an effective method that enhances spectrum sensing performance and reduces network energy consumption. In this paper, we analytically modelled network energy consumption and determined optimal number of clusters for the network.
Numerical analysis shows that with optimal choice of number of clusters, excessive communication energy cost would be significantly minimized. Also optimum choice of number of cooperative sensing nodes would enhances spectrum sensing performance and significantly reduces network energy consumption.
We are currently working towards implementing our algorithm on Castalia simulator [20] to evaluate it performance in a more realistic environment. First we shall modify the Castalia source code to in cooperate cognitive radio aspect and then implement the clustering algorithm. We then compare our results with existing established work to validate our approach. The simulation will focus on energy consumption, packet transmission and reception and network lifetime.
